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Introduction
Acupuncture is one of the most widely used forms of traditional Chinese medical practice. It is a safe procedure when performed by a well-trained health professional. Sound anatomical knowledge is a crucial part of the training process [1, 2] . However, there is a growing literature on adverse events from acupuncture, including pneumothorax, cardiac tamponade, intra-abdominal organ injuries, and spinal cord injury [3] [4] [5] [6] [7] [8] [9] [10] [11] . A systematic review reported 86 deaths after acupuncture; because of underreporting, these are likely the tip of the iceberg [12] . Considering acupuncture's popularity, its safety is an important public health issue.
Internal organ injuries such as pneumothorax and bowel perforation are rare but dangerous complications of acupuncture [12] [13] [14] [15] . Because of their rarity, there are few reports in the literature and therefore little information regarding clinical and therapeutic aspects. Pneumothorax is reportedly the most frequent adverse effect associated with death [12] . All deaths, it seems, would have been avoidable with proper acupuncture technique and sufficient anatomical knowledge. This study was aimed at evaluating serious complications caused by acupuncture that were managed at a single institution and to increase awareness of these complications.
Methods

Study Design and Population
We conducted a retrospective review of electronic medical records at the emergency department of a university-affiliated teaching hospital in Seoul, Korea, assessing records of patients treated between January 1, 2010, and December 31, 2014. To identify patients receiving acupuncture treatment, we used the Asan Biomedical Research Environment (ABLE), a deidentified clinical data warehouse of our institution [16] . Physician or nursing records that included the terms "acupuncture" (" " in Korean) and "oriental medical clinic" (" " in Korean) were retrieved.
All cases were independently assessed for inclusion by two emergency physicians (HJL and YJK) based on the causal relationship between acupuncture and emergency department presentation. For this study, we selected cases of acupuncture-associated injury to internal organs of the thorax or abdomen. The WHO-UMC causality scale was used to evaluate causality (certain, probable/likely, possible, unlikely, or unclassified/unclassifiable) [17] . Three levels of severity were defined: mild, requiring no treatment or resolving within one day; moderate, lasting more than one day or requiring nonprescription medication for relief; and severe, requiring medical treatment [18] . Any disagreement was resolved through discussion.
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Data Collection
Patient clinical and demographic characteristics were retrieved from ABLE [16] , including age, sex, history, clinical characteristics, diagnosis, treatment, and outcome. Specifically, we extracted the following information from our electronic medical records written based on a medical examination by the emergency medicine physician on duty: symptoms for which acupuncture treatment was sought; sites of puncture; symptoms associated with the complication; time of symptom onset after acupuncture; time of emergency department admission after acupuncture; complication type; therapeutic methods; and length of time required for recovery. Data were expressed as means 6 standard deviations for continuous variables and as numbers with percentages for categorical variables.
The study protocol was approved by the Institutional Review Board (IRB) of Asan Medical Center (IRB No. 2015-0381). Informed consent was waived by the IRB because of the study's retrospective design.
Results
Between January 1, 2010, and December 31, 2014, a total of 1174 cases with the terms of acupuncture and oriental medical clinic in electronic medical records were identified. After causality assessment, we found that 6.4% of the cases (N ¼ 75) had some type of adverse event, with 5.4% being excluded from the study and this article focusing on the 1.0% that occurred in the chest or abdomen. Sixty-three of 75 cases were excluded from the study because of infectious adverse events (N ¼ 58), allergic reaction (N ¼ 3), and paresthesia (N ¼ 2), and we included 12 cases in the study (Figure 1 ). Ten patients were diagnosed with pneumothorax (one of which was combined with pneumomediastinum), and the other two patients had pneumomoperitoneum with peritonitis due to bowel perforation.
The demographics and clinical findings of the patients with complications from acupuncture are presented in Table 1 . The age of the patients ranged from the teens to the seventies, with a mean age of 43.4 years. Of the 12 patients, five (41.7%) were male. Ten patients received acupuncture treatment for musculoskeletal pain, including back (N ¼ 7), shoulder (N ¼ 2), and neck pain (N ¼ 1), whereas the other two patients had acupuncture for abdominal pain. It was mostly performed at the site where the patients had pain. Symptoms of the complication usually occurred on the day of (N ¼ 7, 58.3%) or one day after (N ¼ 3, 25.0%) acupuncture. The mean time between acupuncture and emergency department (ED) admission was 1.6 days. Table 2 summarizes the treatment and outcome. Of 10 pneumothorax cases, eight were unilateral and two were bilateral. Causality assessment suggested that all complications were definitely caused by acupuncture. The complications were judged to be severe in 10 of Serious Complications After Acupuncture the 12 patients (83.3%) and moderate for the other two patients (16.7%). Pneumothorax was treated with tube thoracostomy in eight of 10 cases (pig tail catheter or chest tube insertion). The two patients with pneumoperitoneum underwent emergency surgery. One patient with bowel perforation was transferred to another hospital for surgery. Nine of the 11 patients (81.8%) remaining at our hospital recovered in about one month, whereas the other two patients required treatment for about 10 months. A 24-year-old female patient with pneumoperitoneum and peritonitis caused by bowel perforation underwent total colectomy. After nine months, she was admitted to our hospital twice more for the ileostomy take-down surgery. A 52-year-old male patient who presented to our ED with pneumothorax and pneumomediastinum developed septic shock on the day of admission. After 38 days in the intensive care unit with ventilator care, he was moved to a general ward and treated as an inpatient for 65 more days.
Discussion
Acupuncture is considered an alternative medical therapy that has gained increasing popularity for the treatment of various conditions in the Western world over the past two decades. It is an invasive therapy and not free of risk. Systematic reviews of the adverse events associated with acupuncture have concluded that minor adverse events may be frequent but serious events are rare. However, the incidence of serious events may differ between cultures because of the style of acupuncture and the training of therapists [1, 19, 20] . Chinesestyle acupuncturists tend to insert needles deeply into the muscles, whereas the Japanese style entails [19] . Of 124 cases, 25 involved pneumothorax. In Korea, by contrast, very few adverse events have been reported [21, 22] . To the best of our knowledge, our study is the largest case series of acupuncture-induced internal organ injuries in Koreans. Given the lack of information about how many patients were treated with acupuncture to the thoracoabdominal region, we cannot comment on the incidence of pneumothorax and bowel perforation. However, with 10 episodes of pneumothorax seen during the five-year study period at the ED of a single hospital, it may be that pneumothorax after acupuncture to the thoracoabdominal region is more common than previously suspected. In contrast to previous reports, in which most cases of pneumothorax after acupuncture resolved with only supplemental oxygen and observation, eight of 10 patients in our study required emergency thoracostomy. Furthermore, two patients had bilateral pneumothorax, raising the possibility that tension pneumothorax and possible death might have ensued if the complication had been unrecognized and untreated.
We also found two serious cases with pneumoperitoneum, a potentially fatal complication. Intra-abdominal organ injuries are rare but serious complications after acupuncture [23] . In our study, two patients present with pneumoperitoneum and panperitonitis caused by bowel perforation following acupuncture. One patient underwent total colectomy, and the other patient was transferred for surgery elsewhere. Acupuncture on the abdomen, therefore, can cause serious complications.
A 68-year-old female patient was reported to have died because of injury of the abdominal aorta by insertion of a 15 cm acupuncture needle into the abdomen [10] . Acute traumatic pancreatitis caused by a long acupuncture needle in a 42-year-old female has also been reported [11] . We suggest that a system should be designed to detect the adverse effects of acupuncture.
Traumatic events associated with acupuncture are usually caused by improper insertion or manipulation at highrisk acupuncture points. To maximize the safety of acupuncture, specific training that gives precise guidance on the depth, direction, and angle of needle insertion, especially in the chest region, is crucial. It is also important that patients who have been treated with acupuncture be strongly encouraged to seek emergency medical care immediately if they develop any new-onset symptoms, especially shortness of breath, following acupuncture. Acupuncturists should always suspect the possibility of acupuncture-induced internal organ injuries and advise patients to seek immediate evaluation at a hospital to check for potentially life-threatening complications.
Conclusions
It is important for acupuncturists to be aware of the possibility of acupuncture-induced internal organ injury, to be familiar with the anatomy involved, and to be cautious when needling points close to the lungs and 
